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The purpose of this experiment was to compare saccadic latencies for supra-threshold achromatic and chromatic targets of equiv-
alent contrast. Two experiments were performed. In the ﬁrst experiment, subjects made saccades to horizontal and vertical chromat-
ic (red, green, and blue) targets. The luminance of these targets was matched to the luminance of the white background. In the
second experiment, subjects made saccades to horizontal and vertical achromatic targets whose luminance contrast was matched
to the chromatic contrast of the targets in the ﬁrst experiment using the CIE L*a*b* color space. In the ﬁrst experiment, the saccadic
latencies did not vary signiﬁcantly (p = 0.074) for the diﬀerent target colors. However, in the second experiment the mean latency for
achromatic targets (268.6 ms ± 53.1) varied signiﬁcantly from the pooled latency for color targets (318.4 ms ± 75.1).
 2005 Elsevier Ltd. All rights reserved.
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A number of investigators have compared reaction
times for achromatic (generally white or black targets)
and chromatic targets (detectable primarily or only from
their chromatic contrasts). These reaction times are usu-
ally measured by asking subjects to either respond ver-
bally when a target is detected (Bowen, 1981) or to
press a trigger button (Kranda, 1983; Schwartz, 1992,
1995) when the target appears. These studies show that
manual reaction times are shorter for achromatic targets
than for chromatic targets. This diﬀerence has been
attributed to the nature of the neuronal response of
the systems that respond to each of these targets.
The achromatic or magnocellular system is thought
to have a transient neuronal response while the chro-
matic or parvocellular system is said to have a sustained
response (Purushothaman, Ogmen, Chen, & Bedell,
1998; Schiller & Malpeli, 1977; Schwartz, 1992, 1995).0042-6989/$ - see front matter  2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.visres.2005.08.001
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E-mail address: satgunam.1@osu.edu (P. Satgunam).Transient systems are thought to have shorter response
latencies (deﬁned as the time between the appearance of
a target and the subsequent motor response) than sus-
tained systems, thus contributing to shorter manual
reaction times for achromatic targets than for chromatic
targets (Schwartz, 1995).
While it is well established that diﬀerences in manual
reaction time exist for achromatic and chromatic tar-
gets, little is known about the relationship between eye
movement reaction times for the achromatic and chro-
matic systems.
Only one group has investigated the saccadic latency
to achromatic and chromatic targets (Perron & Hallett,
1995). In this study, the saccadic latencies for achromat-
ic targets with luminance contrasts of 3.6% and 7.8%
were compared to the saccadic latencies for isoluminant
color targets. The investigators state that latencies for
the chromatic targets were often but not always longer
than the latencies for the achromatic targets. However,
by our calculation (see Experiment 2, CIE L*a*b* calcu-
lation) the luminance contrasts of the achromatic targets
were less than the chromatic contrasts of the color tar-
gets. This is important, as it is known that changes in
Computer monitor
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inﬂuence saccadic (Doma & Hallett, 1988; Wheeless,
Cohen, & Boynton, 1967) and pursuit latencies (Mulli-
gan, 2002).
The purpose of this study was to compare saccadic
latencies for achromatic and chromatic targets.Subject 
Masking black screen 
Fig. 1. Illustration of the experimental setup. The heterochromatic
ﬂicker photometry program coded in Visual Basic is shown on the
computer monitor.2. Methods
2.1. Experiment 1
2.1.1. Subjects
Eleven subjects participated in the ﬁrst experiment.
All subjects signed a consent form approved by the
Biomedical Sciences Institutional Review Board of
The Ohio State University prior to participation. Sub-
jects were students at The Ohio State University be-
tween the ages 22 and 27 years. Subjects were
screened for color vision anomalies with the American
Optical company pseudo-isochromatic charts. Subjects
had normal intra-ocular pressure and no dry eye condi-
tions that would contraindicate search coil wear (Ir-
ving, Zacher, Allison, & Callender, 2003). Only the
right eyes were tested. The left eye was patched. There
were nine emmetropic subjects and two myopic sub-
jects (refractive error 0.50 D and 1.25 D, respective-
ly). The myopic subjects did not wear their refractive
correction because the testing distance was within their
far point limit. One of the authors served as a subject
in the experiment.
2.1.2. Stimulus display
A KDS Visual Sensations (Model No. VS 55p, Gar-
den Grove, CA) Red, Green, and Blue (RGB) color
monitor connected to a Compaq Presario Intel 810e
chipset Graphics Driver provided 8-bit resolution or
256 possible voltage levels for each of the color ‘‘guns’’
(RGB) of the monitor. The color of each pixel on the
monitor along with its luminance intensity could be al-
tered by changing the voltage number (0–255) for each
of the R, G, and B color in that pixel location. For
example, a white target may be coded as (255,255,255)
and a black target as (0,0,0). Any other color could
be derived by appropriate proportions of the R, G,
and B voltage levels. This arrangement is referred to
as the RGB color scale and was employed in our exper-
iment to generate the color targets.
2.1.3. Subject setup
Subjects were seated at a distance of 55 cm from the
computer monitor. Their heads were restrained with a
dental-impression bite bar. A large black card with a
central aperture allowing a viewable computer screen
area of 25.7 cm · 19.1 cm was mounted on the computer
monitor to cut oﬀ distracters in the testing area (Fig. 1).The room illumination was about 228 lux. This arrange-
ment was maintained both for the luminance matching
and for the saccadic task.
2.1.4. Heterochromatic luminance matching
Our desire was to use three target colors (red, green,
and blue). The targets that were used, however, were not
monochromatic. Although these colors were not pure
primaries, for the sake of convenience, we will refer to
them as red, green, and blue.
To obtain targets with only chromatic contrast, lumi-
nance matches between the targets and the background
were made for every experimental session before record-
ing the saccadic eye movements. A heterochromatic
ﬂicker photometry program coded in Microsoft Visual
Basic 6.0 was used for luminance matches. A circular
target (2.19 deg) in the center of the monitor, straight
ahead of the subject, was alternated between the back-
ground color and one of the target colors (red or green
or blue) every 0.04 s giving a ﬂicker rate of 12.5 Hz, ade-
quate for such matches (Boynton, 1984; McKeefry, Par-
ry, & Murray, 2003). The computer screen was
otherwise black (Fig. 1). The interaction between the
computer monitors refresh rate (60 Hz) and the ﬂicker
rate of the colored targets produced a beat frequency.
As a result thin black lines periodically ran across the
screen. Repeated measurements on one of the experi-
menters and on two volunteers showed that this did
not aﬀect the repeatability of the luminance matches
for any particular color.
In order for the subject to match the luminance of the
target to the luminance of background, the computer
program showed three horizontal scroll bars (three on
the left and three on the right). Three scroll bars on
the right were used to adjust the luminance of the red,
green, and blue targets.
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the red color gun, one bar controlled the green color
gun, and one bar controlled the blue color gun of the
monitor. The luminance of the targets could be adjusted
using the scroll bars. Adjustment of the scroll bars chan-
ged the voltage number in the color gun. The scroll bars
covered the entire voltage range (0–255) and both gross
(10 voltage units) and ﬁne (1 voltage unit) adjustments
could be made.
The scroll bars to the left of straight ahead were ﬁxed
at the white background color [RGB (180,180,180); CIE
1931 chromatic coordinates x = 0.293, y = 0.325]. This
background served as a good adapting background in
the saccadic experiments.
For the ﬂicker settings, subjects were instructed to
look at the ﬂickering circle and to adjust the appropriate
scroll bar to a position where the ﬂickering in the circle
stopped or was minimized. To match the luminance of
the red target (isoluminant red) to the background, the
R scale was set at the maximum value of 255 and the
B scale was set at 180. Subjects adjusted the red-oppo-
nent G scale until they perceived a minimum or no ﬂick-
er. At the end of the match the target appeared red.
Similarly, to match the luminance of the green target
to the luminance of the background, the green-opponent
R scale was set at 0 and the B scale was set at 180. The
subject then adjusted the G scale. To match the blue tar-
get to the background, the B scale was set at 255 and the
subjects were asked to adjust the G scale. In this latter
case, the R scale was programmed to receive the same
value as that in the G scale. The net eﬀect was that the
blue-opponent yellow (red and green) was adjusted.
Practice trials were given until the subject was com-
fortable with the matching procedure. Then, each of
the three colors (red, green, and blue) was matched to
the background in random order. Subjects made ﬁve set-
tings for each color, resulting in a total of 15 trials. Rest
periods were given in between the matching trials, dur-
ing which time the subject was asked to relax and look
around the room. For each subject, the mean of the ﬁve
settings for each target was used in generating the sacc-
adic targets. The variability in the ﬂicker photometry
matches was minimal for all subjects.
The luminance of the background color and that of
the matched average RGB color settings for all subjects
were measured using a Pritchard spectrophotometer
(PR-703 A/PC, PhotoResearch, SpectraMetrics) in the
1931 CIE (x,y,Y) color space. As shown in Table 1,Table 1
Luminance values for each average color settings and the background color
Color Background Red
(R,G,B) color (180,180,180) (255,153
x, y chromaticity coordinates x = 0.293, y = 0.325 X = 0.33
Luminance (cd/m2) Y = 37.07 Y = 37.0the luminance of these targets and the background
matched closely.
2.1.5. Saccadic latency measurements
A Microsoft Visual Basic 6.0 program was used to
display the saccadic stimuli. Saccadic eye movements
were measured using the magnetic scleral search coil
(Remmel Labs, Model EM3, Ashland, MA). The ﬁeld
coils were 1 m in length. The system bandwidth was
318 Hz. The voltages representing horizontal and verti-
cal eye position from the coil were sampled at 1000 Hz
by a computer using a 12-bit analog to digital convert-
er (Measurement Computing, CIO-DAS08, Middle-
boro, MA). This sampling rate was used to obtain an
accurate estimate of the saccadic latency. The band-
width and the sampling rate are comparable to earlier
studies done on saccades (Bahill, Brockenbrough, &
Troost, 1981; Bahill, Clark, & Stark, 1975). The spatial
resolution of this system was about 5 arc min. An
annular silicone contact lens (search coil) was placed
on the right eye of the subject (Skalar Medical, Delft,
Netherlands) after the instillation of local anesthetic.
The testing time with the coils did not exceed the rec-
ommended 30 min duration.
To measure saccadic latency, subjects were asked to
ﬁxate on a black central ﬁxation cross (0.52 deg) against
the white background described in the previous section.
Subjects were instructed to move their eyes to a color
square target (1.4 deg) when it appeared. The examiner
initiated the appearance of the saccadic target with a
soft mouse click to avoid auditory cues. To further
avoid triggering eye movements with the sound of the
mouse click, another mouse that was not otherwise used
in the experiment was clicked randomly throughout the
experiment so that the subjects could not associate the
target appearance to the mouse click. The target ap-
peared randomly either to left, right, up or down of
the ﬁxation cross. This reduced the number of anticipa-
tory eye movements. The color of the target was also
randomly chosen to avoid any chromatic adaptation.
The target amplitude was randomized, and was any-
where in the range ±1.9 to ±11.7 deg horizontally and
±1.9 to ±7.1 deg vertically with a step size less than
2 arc min.
Target onset time was recorded by feeding the output
voltage from the mouse switch into the same analog-to-
digital converter as that of the eye coils. After the target
presentation, the examiner pressed a key on the comput-obtained using a spectrophotometer
Green Blue
,180) (0,205,180) (169,169,255)
7, y = 0.306 x = 0.236, y = 0.347 x = 0.251, y = 0.249
1 Y = 35.74 Y = 36.42
Fig. 2. Representation of (a, b) position in CIE L*a*b* space for the
average target color used in Experiment 1. The background color is set
to position (0, 0).
P. Satgunam, N. Fogt / Vision Research 45 (2005) 3356–3364 3359er keyboard producing a beep sound that signaled the
subject to ﬁxate back at the ﬁxation cross. The saccadic
target then disappeared.
A single session consisted of 72 trials; 6 trials for each
color/direction combination. A total of 216 trials (one
session on the ﬁrst day and two sessions on the second
day) were measured on most of the subjects (8/11).
One subject performed 144 trials, and two subjects per-
formed 72 trials. The subjects were given a few minutes
to rest between sessions.
2.1.6. Lag between mouse click and target presentation
The time lag between the mouse click and the
appearance of the target on the screen was estimated
using a photodiode (UDT model 265, Baltimore,
MD) for accurate calculation of the saccadic latencies.
The photodiode was aimed at the computer screen in a
dimly lit room. A black circle generated by a Visual
Basic 6 program turned white with a mouse click. This
change in luminance created a change in the photodi-
ode signal, which was recorded using the same 12-bit
analog-to-digital converter board as that of the eye
coils and the mouse signals (sampling rate 1000 Hz).
Fifteen such trials were recorded. The mean lag be-
tween the release of the mouse button and the change
in photodiode output was found to be 37.8 ± 6.12 ms
(mean ± SD). This mean value was subtracted from
the measured saccadic latencies.
2.2. Experiment 2
In the second experiment, achromatic targets with
luminance contrast comparable to the chromatic con-
trast of the targets in Experiment 1 were generated
and the latency of saccadic eye movements made to
these targets were measured. By matching the chromatic
contrast of the color targets to the luminance contrast of
the isochromatic targets, it was expected that these tar-
gets would be equally detectable.
To obtain the appropriate luminance contrast for
the achromatic targets the following calculations were
made. The CIE L*a*b* (1976) color space was used
to deduce the luminance contrast from the chromatic
contrast. Post, Costanza, and Lippert (1982) have
demonstrated that it is possible to use the Pythagore-
an sum of the L, a, and b components of the CIE
L*a*b* color space to equate the perceived contrast
of supra-threshold chromatic targets to that of su-
pra-threshold achromatic targets. Another way of
equating the contrast of achromatic and chromatic
targets is to use an equivalent contrast metric based
on the properties of the visual photoreceptors. How-
ever, caution should be applied, as such a photorecep-
tor metric does not account for more central
processing of spatiochromatic signals (Switkes &
Crognale, 1999).The CIE (x,y,Y) chromatic coordinates obtained
from the photometer readings for each of the mean tar-
get colors in Experiment 1 (Table 1) were converted into
the coordinates of CIE L*a*b* (1976) color space as
follows.
First, the coordinates data in CIE (x,y,Y) space were
converted into the CIE XYZ coordinates (Wyszecki &
Stiles, 1982) as follows:
X ¼ ðx=yÞ  Y and Z ¼ ðð1 x yÞ=yÞ  Y ; ð1Þ
where x, y are the chromaticity coordinates and Y is the
luminance obtained using the spectrophotometer.
Next the CIE XYZ coordinates were converted to the
coordinates in CIE L*a*b* space (Wyszecki & Stiles,
1982) as follows:
L ¼ 16þ 116  ððY =YnÞ1=3Þ; ð2Þ
a ¼ 500  ððX=XnÞ1=3  ðY =YnÞ1=3Þ; ð3Þ
b ¼ 200  ððY =YnÞ1=3  ðZ=ZnÞ1=3Þ; ð4Þ
where X, Y, Z are the coordinates of the background
color and Xn, Yn, Zn are the coordinates of the three
target colors. The background color was set such that
its CIE L*a*b* was L = 100 (Y = 37.07 cd/m
2), a = 0,
b = 0. The mean target colors plotted in the CIE
L*a*b* color space are shown in Fig. 2. The average
CIE L*a*b* separation for all three target colors from
the background was calculated from the square root
of the sum of squared diﬀerences between the target
and the background coordinates and was found to be
40.5.
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the background for the new saccadic target. Hence, this
target will have an absolute luminance value of
100 + 40.5 = 140.5 units (it can also have a
100  40.5 = 59.5 units, but we arbitrarily chose
140.5). Given a background luminance of 37.07 cd/m2,
the 140.5 units will scale to 52.09 cd/m2. This target is
0.15 log units brighter (52.09 cd/m2) than the back-
ground luminance.
Using the spectrophotometer, the CIE x, y, Y coordi-
nates for the newly created target were x = 0.293,
y = 0.325, and Y = 52.1 cd/m2 (Y) and the RGB color
scale value of this target was (227,227,227). Subjective-
ly, this target appeared white. In the discussion below,
this target is referred to as the achromatic target.
For Experiment 2, seven subjects were enrolled. The
same inclusion criteria as Experiment 1 were used. Sub-
ject ages ranged from 21 to 31 years. The experimental
setup was the same as that in Experiment 1 except that
the achromatic target described above was used. Two
sessions with 72 trials each (18 trials · 4 directions) were
recorded in one sitting on all subjects. The data were
recorded in the same way as in Experiment 1.3. Results
3.1. Saccadic latency measurement
Time series plots of mouse button voltages and eye
position traces were plotted for each trial. Saccadic laten-
cy was determined manually by one of the authors using
the time series plots. The saccadic latency was the elapsed
time between the mouse release and the change in eye po-
sition due to the onset of a saccade (Fig. 3). The latency
was obtained manually by one of the authors by inspect-Time (seconds)
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Fig. 3. Graph showing relative voltages from the computer mouse and
the associated eye trace in one trial. The saccadic latency is taken as the
time between the mouse button press (voltage spike) and the saccadic
eye movement.ing the time series plot of eye position and mouse volt-
age. To avoid any bias, the investigator who made the
latency measurements was not aware of the target color.
3.2. Experiment 1
Anticipatory saccades are generally unavoidable in
experiments on saccadic latency. Obvious anticipatory
saccades were deﬁned as those eye movements that oc-
curred either before or with the mouse press, or had
latencies less than 100 ms. These saccades were elimi-
nated. Missed responses, deﬁned as those saccades
with latencies greater than 800 ms, were also eliminat-
ed. Upon elimination of these values, the latencies
were grouped by color (red, green, and blue) and
direction (horizontal and vertical) for each subject.
Thus, there were six groups. The mean latencies in
each of these groups were calculated and latencies
more than two standard deviations from the mean
were removed. Then, the mean latencies were recalcu-
lated to obtain the ﬁnal set of latency values (Perron
& Hallett, 1995).
Target eccentricities were pooled together in this
study. Linear regression between the measurement order
and saccadic latency for each color showed no signiﬁ-
cance (p > 0.05), thereby ruling out the inﬂuence of
learning, practice eﬀects, and chromatic adaptation.
Fig. 4 shows the percentage frequency histogram distri-
bution of the saccadic latencies for all three target colors
along with the achromatic target for both horizontal
and vertical directions.
3.2.1. Chromatic contrast and saccadic latency
The overall mean saccadic latency for the three col-
ors for horizontal and vertical directions is shown in
Table 2. A three-way repeated measures of analysis
of variance model was performed. The model had sacc-
adic latency as the response variable and color (red,
green, and blue), subject, and direction (horizontal
and vertical) as the predictor variables. The three-way
and all possible two-way interaction terms were includ-
ed. Subject was allotted as the random variable. Diﬀer-
ences in saccadic latencies for the three colors showed a
p value = 0.074. The subject term and the three-way
interaction term were statistically signiﬁcant factors
(p < 0.05).
3.3. Experiment 2
3.3.1. Saccadic latency in achromatic and chromatic
targets
The saccadic latency to the achromatic targets was
measured in the same way as that for the chromatic tar-
gets. The mean horizontal and vertical latencies of the
achromatic target are shown in Table 2. As the latencies
did not vary signiﬁcantly for each color and direction,
Fig. 4. Percentage frequency (Y-axis) histogram distribution of saccadic latencies for the three target colors and the achromatic target. The
horizontal saccadic latencies are shown on the left and the vertical saccadic latencies are shown on the right.
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ic target) and compared with those of the achromatic tar-
get. The overall mean latency of the chromatic target was318.4 ms ± 75.1 ms and that of the achromatic target was
268.6 ms ± 53.1 ms. A two-sample t test showed a signif-
icant diﬀerence (p = 0.0001) between the two groups.
Fig. 5. Horizontal and vertical saccadic latencies measured for the
three target colors and for the achromatic target. The error bars
indicate 1 ± standard error of mean (SEM).
Table 2
Saccadic latencies made by all the subjects for the three colors and achromatic target in both directions
Red (mean ± SEM) Green (mean ± SEM) Blue (mean ± SEM) Achromatic (mean ± SEM)
Horizontal 304.92 ± 3.62 313.09 ± 4.41 326.26 ± 5.07 266.71 ± 2.71
Vertical 313.63 ± 4.49 326.74 ± 4.26 325.29 ± 4.39 270.53 ± 2.52
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4.1. Chromatic targets versus achromatic targets
The saccadic latency for the achromatic target was
found to be signiﬁcantly lower than that for the chro-
matic targets that were matched as much as possible in
contrast. This result is in line with previous experiments
and supports the hypothesis that the achromatic or mag-
nocellular system has a faster temporal processing rate
than the chromatic or parvocellular system (Bowen,
1981; Nowak, Munk, Girard, & Bullier, 1995; Schwartz,
1992, 1995). Further, the variability of the results for the
achromatic target was lower than the variability for the
chromatic target. This is consistent with studies of man-
ual reaction time (Schiller & Malpeli, 1977; Schwartz,
1992). The greater variability for the chromatic system
compared to the achromatic system is thought to be
related to the fact that the achromatic or magnocellular
system responds transiently, while the chromatic or par-
vocellular system responds in a sustained manner. The
neural discharge of the population of sustained neurons
ﬂuctuates over time during the period prior to reaching
threshold, while the population of transient neurons
reaches threshold sooner such that ﬂuctuations in neural
discharge are minimized.
The diﬀerence in achromatic and chromatic saccadic
latencies in this study was about 50 ms whereas the dif-
ference in manual reaction time latencies for the achro-
matic and chromatic system reported by Schwartz is
93 ms (Schwartz, 1992). The diﬀerence in latencies for
the achromatic and chromatic systems might be reduced
if one were to use smaller color targets. Smaller targets
would likely evoke more rapid responses from the chro-
matic (parvocellular) system.
4.2. Saccadic latency for chromatic targets
In earlier studies on manual reaction time for chro-
matic targets (Brindley, Du Croz, & Rushton, 1966;
Kranda, 1983; McKeefry et al., 2003; Mollon & Kra-
uskopf, 1973) the blue color operation was shown to
be slower and to have a poor temporal response com-
pared to the green and red color operations. Further,
in a study by Mulligan (2002), pursuit latency to blue
targets was found to be longer than that for red and ach-
romatic targets. In that study, the latency for blue tar-
gets was found to be 100–200 ms longer than that for
achromatic targets. Finally, in the study by Perron andHallett (1995), saccadic latency for the blue and yellow
targets were found to be longer than those for green
and red targets.
Unlike the current study, in the previous studies the
responses from the short wavelength or S-cones were
isolated from the responses of the other cone types.
So, for example, while the blue targets of Perron and
Hallett (1995) and Mulligan (2002) were modulated
along tritanopic confusion lines (meaning the input from
the long wavelength, L-cones and middle wavelength,
M-cones was kept constant), such a procedure was not
followed in the current study.
In the current study, the proportion of the R, G, and
B values did vary for the three targets (L-cones were pre-
dominantly stimulated by the red targets, M-cones were
predominantly stimulated by the green targets, and S-
cones were predominantly stimulated by the blue tar-
gets), diﬀerences in latency for the various targets can-
not be related to diﬀerences in latency for red, green,
and blue cone types because of the lack of blue cone iso-
lation. While the mean saccadic latency of the blue tar-
gets was indeed found to be the longest among the three
colors (Fig. 5) in the current study, this diﬀerence was
not statistically signiﬁcant.
One would expect, based on previous experiments
that saccadic latencies would have been signiﬁcantly
longer for the blue target than for the red and green tar-
gets had blue cone responses been isolated. Isolation of
the blue cone responses could have been carried out by
using monochromatic targets, or by using a yellow back-
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the same tritanopic confusion line.
One other factor that may have reduced the diﬀerenc-
es in latency for the three colors arises from the fact that
luminance matches with the background were made cen-
trally, but the targets were presented peripherally. This
presents a potential problem, because the yellow lutein
pigment in the macula acts like a selective ﬁlter in
absorbing the short frequency wavelength, thus resulting
in the lowest spectral transmittance for blue (Wyszecki
& Stiles, 1982). Hence, the blue target generated by
the luminance match for central viewing conditions will
appear brighter when seen in the periphery.
Chen, Chang, and Wu (2001) reported that the half-
width of the macular pigment is about 2.6 (±0.5). The
distribution of this pigment follows a Gaussian distribu-
tion, declining as the distance from the macula increases
until it reaches a concentration of 0 at 7 eccentricity.
Based on these data, we compared latencies for targets
less than or equal to 3 of retinal eccentricity to latencies
for targets with retinal eccentricities of 7 or greater for
all the three color targets. The latencies for the more
central targets were longer than that of the peripheral
targets for the red (central: 323.8 (±71) ms; peripheral:
307.2 (±66) ms) and blue targets (central: 327.3 (±74)
ms; peripheral: 313.0 (±84) ms), while the green targets
(central: 322.5 (±68) ms; peripheral: 323.1 (±72) ms) did
not show much variation. These data show only a mild
inﬂuence of eccentricity on the saccadic latencies.
In addition, we calculated the achromatic contrast
that could result from the mismatches in the transmis-
sion of blue light in the macula and in the retinal periph-
ery. The achromatic contrast resulting from this
mismatch would be about 3.3% contrast. This was cal-
culated from the emission spectrum of the blue target
measured using the Pritchard spectrophotometer (PR-
703 A/PC, PhotoResearch, SpectraMetrics) and from
the transmittance of the macular pigment (Wyszecki &
Stiles, 1982). In the Perron and Hallett study, a 3.8%
contrast was calculated to decrease the saccadic latencies
by 24 ms. An artifact due to the macular pigment would
therefore produce an artifact in the latency on the order
of 20–25 ms.5. Conclusion
In conclusion, in the absence of luminance contrast,
individuals can use chromatic contrast to make a sac-
cade. However, saccades to targets detected by their
chromatic contrast are delayed compared to targets
with luminance contrast. This is further evidence that
the achromatic system has a superior temporal re-
sponse compared to the chromatic system. Finally,
saccadic latencies for blue targets tended to be longer
than those for green and red targets. However, thesediﬀerences were not statistically signiﬁcant. Future
studies either using monochromatic targets or second
stage color opponent mechanisms (i.e., blue targets
on yellow backgrounds) may help to determine
whether saccadic latencies for short wavelength targets
are indeed longer than those of longer wavelength
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